China, Japan, and Korea have been the three largest players in East Asian machinery production networks. This paper employs a new method of analyzing finely disaggregated international trade data that applies the concept of zero trade flows, least-traded goods, and intensive/extensive margins of trade growth and scrutinizes changes in the role of China, Japan, and Korea in machinery production networks between 2007 and 2013. We find, first, that China became a dominant player in the global machinery production networks in terms of both export values and the diversity and density of productdestination pairs. Second, the growth of Korea as machinery parts and components suppliers was also salient while Korea's dependency on China was sharply enhanced. Third, Japan kept being stagnated, and the machinery production links between Korea and Japan were substantially weakened.
Introduction
Since the 1990 s, East Asia has led the world in the formation of production networks in machinery industries. 1 In particular, the People Republic of China (hereafter China), Japan, and the Republic of Korea (hereafter Korea) have continuously been important players in East Asia. We, however, have recently observed drastic changes in the balance among these three countries. In the Global Financial Crisis, the performance of these countries widely differed. China conducted an unprecedented macro stimulus to keep rapid economic growth. Korea took advantage of the Chinese boom and extended production networks. Japan was kept stagnant and confronted various difficulties including natural and man-made disasters. It is thus worth reviewing the recent development of East Asian production networks, focusing on China, Japan, and Korea.
This paper sticks to international trade data and explores the analytical possibilities of a recently developed empirical method. We first separate machinery parts and components from machinery final products so that peculiar characteristics of intermediate goods transactions can be highlighted. And then, in addition to the traditional trade value approach, we apply concepts of zero trade flows, least-traded goods, and intensive and extensive margins of trade growth (Besedeš & Prusa, 2011; Debaere & Mostashari, 2010; Kehoe & Ruhl, 2013) . This empirical approach is very effective and articulate in quantifying the development of production networks, or how and to what degree countries participate into production networks.
In our companion paper on ASEAN (Obashi & Kimura, 2015) , we traced out the catching-up process of latecomers by measuring the degree of participation in production networks from the perspective of export product and destination diversification. In cases of China, Japan, and Korea, we would like to overview competition and collaboration among these leading countries in the world in the formation of production networks. As will be shown below, for China, Japan, Korea and other big players in production networks, the export product mix was already fully diverse and saturated in the base year of our analysis. Thus, the concept of 'the proportion of non-zero to potential product-destination pairs' proposed by Baldwin and Harrigan (2011) is particularly useful in analyzing big players in production networks. That is, the current paper puts relatively more emphasis on counting the number of actually-occurred, non-zero product-destination pairs relative to the number of potential pairs, the latter of which also differs across exporter countries. In addition, we employ the concept of 'least-traded goods' proposed by Kehoe and Ruhl (2013) , which is useful to explore the importance of the ins and outs of product-destination pairs, i.e., the extensive margin, for big players in production networks by decomposing the growth in exports into intensive and extensive margins. We find contrasting performance in operating production networks in the three countries of our interest. This paper is structured as follows: the next section explains the laborious data construction to make the dataset clean. The third section develops empirical analysis on the three country's machinery export data. Starting with checking export/import shares of machinery parts and components and final products, we check the positioning of the three countries, the ins and outs of export product-destination pairs, and the extensive and intensive margins of export growth. The fourth section focuses on machinery trade among three countries. The final section concludes the paper.
Data Description
International trade data used throughout the paper are obtained from the UN Comtrade Database. We use import statistics, whenever they are available, from the standpoint of reliability. Most countries report country of origin as a partner in import statistics and last known destination as a partner in export statistics. Import statistics appear to be more reliable because the country of origin is more closely verified due to tariff regulations although the final destination may not be known at the time of export.
We use import statistics for the years 2007 and 2013, based on the 1996 version of the Harmonized System (HS) product classification. 2 To count the number of products traded and trading partner countries in a consistent manner, we restrict our attention to a group of 136 countries that are the UN member states and are reporters of import statistics both for 2007 and 2013. In addition, we include a few East Asian countries including Brunei Darussalam (hereafter Brunei), Lao People's Democratic Republic (hereafter Laos), and Myanmar, with some modifications: first, because Brunei did not report import statistics for 2007, we instead use those for 2006. Second, Myanmar has reported trade statistics based on the HS classification, but only for 2001 and 2010, since 2000. We use Myanmar's import statistics for 2001 and 2010 instead of those for 2007 and 2013, respectively. Third, Laos has reported trade statistics only for limited years, 1962-1974, based not on the HS classification but on the Standard International Trade Classification (SITC; rev. 1). We instead use export statistics reported by Laos' trading partners, i.e., mirror data, for both 2007 and 2013. 3 By so doing, we are able to analyze all potential bilateral trade flows between 136 + 3 = 139 countries, including all East Asian countries of interest, in two points of time, basically 2007 and 2013. In other words, we deal with 139 × 138( = 139 -1 (the reporter country itself)) = 19,182 potential exporter-importer pairs. 4 By excluding the reporter country itself from a set of the partner countries, we remove obvious re-imports from our data set.
Based on the HS classification, manufactured goods range from HS 28 to HS 92. Among them, machinery includes all goods classified as part of general machinery (HS 84), electric machinery (HS 85), transport equipment (HS 86-89), and precision machinery (HS 90-92) industries. We group respective HS product codes, at the most disaggregated level, into machinery parts and components and final products. 5
China, Japan, and Korea and World Trade in Machinery
Using highly disaggregated international trade data at the HS six-digit product level, we explore how and to what degree China, Japan, Korea, and other countries participate in international production networks in the machinery industry. In Subsection 3.1, we begin with an analysis of the proportion of machinery parts and components in the total exports and imports based on the traditional value data. The following four subsections then examine the degree of participation into the production networks based on a novel approach on the diversification of products exported and export destination market countries, through sorting out features of world exports of machinery from ten leading countries. After an initial overview using the value data in Subsection 3.2, we count the number of exported products and destination markets in an informative way in Subsections 3.3 and 3.4. The the HS 1996 classification for 2007. The available annual data for 2014 already account for more than 90% of the world trade value, according to the UN Comtrade (accessed on 16 October 2015), and consist of a number of reporter countries; however, we use 2013 as the latest year of our analysis because Vietnam, one of the East Asian countries of interest, has yet to be included as a reporter in the data for 2014. 3 See the Appendix for a list of countries included in the dataset. 4 The aggregated total values of imports to the selected 136 reporter countries from 138 partner countries ( = 136 + 3-1) account for more than 90% of annual total imports to all reporter countries available in the UN Comtrade Database from all partner countries with which ISO 3166-1 alpha-3 country codes are assigned, both for 2007 and 2013. 5 See Kimura and Obashi (2010) for the list of machinery parts and components at the HS (four-and) six-digit level for different versions of the HS classification.
importance of ins and outs of products and destinations in a country's exports is further explored by decomposing the export growth into intensive and extensive margins in Subsection 3.5.
Machinery Shares in Manufactures Exports and Imports
To explore how and to what degree China, Japan, Korea, and other countries participate into international production networks, let us begin by comparing countries using the proportion of machinery parts and components in the total exports and imports of manufactured goods. In Figure 1 , a pair of stacked bars shows the percentages of machinery in country's manufactures exports to (the left bar) and imports from the world (the right bar). For each stacked bar, the dark colored portion represents the percentage accounted for by parts and components (labelled as 'P&C') while the light color portion for final products ('FP'). We focus on the 20 leading countries in world exports of machinery parts and components, including China, Japan, and Korea, that are selected based on the average value of exports in 2007 and 2013. The bars for the top 20 exporters are in descending order, from left to right, in terms of the machinery parts and component shares in exports. Figure 1 gives an overall picture of how the degree of integration into, and the way of participating in international production networks, differs across the top 20 exporters. For China, for example, the percentage of machinery parts and components is about 20% in the total manufactures exports while the corresponding percentage stands at around 40% in the imports. At the same time, the percentage of machinery final products is relatively high, compared with parts and components, ranging from 35 to 45%, for the export side. Similar patterns are observed for Mexico and Thailand. Such patterns can be considered as indicating these countries' role as the world's factory in the sense that they import a large amount of intermediate goods for the final assembly of products to be sold domestically or to be exported.
Korea, together with the Philippines and Malaysia, is one of the countries that have strikingly high percentages of machinery parts and components, exceeding 40% for the export side and 30% for the import side. The percentages accounted for by machinery final products, on the other hand, are relatively limited. Such high percentages of machinery parts and components both for the export and import sides would reflect these countries' active participation in back-and-forth transactions of intermediate goods across borders.
In addition to the Philippines, Malaysia, Korea, and Mexico, Japan is another country that is highly dependent on machinery exports. In contrast to Korea, the percentages of machinery final products in Japan's total manufactures exports and imports are almost comparable in magnitude to the corresponding figures for parts and components. Austria and France show the similarity in the proportion of machinery final products to parts and components; however, it is striking that the relative importance of machinery in the total exports from Japan is much higher than those countries' levels, accompanied by a high percentage of machinery parts and components, exceeding 35%, for the export side.
Ten Leading Countries in World Exports of Machinery
In this and the following few subsections, we aim to elicit features of world trade in machinery, with special interest to China, Japan, and Korea, by focusing on the leading countries Kimura and Obashi (2010) . Top 20 exporter countries of machinery parts and components (selected based on the average export value in 2007 and 2013) are listed on the horizontal axis, in descending order, from left to right, in terms of the machinery parts and components shares in exports. in world exports of machinery parts and components and of machinery final products. For each of the product groupings, we select ten leading exporter countries in terms of the total value of exports to the world in 2013. Table 1 provides an initial overview of world exports of machinery. By product grouping, the values of exports in 2007 and 2013 and growth rates of export values between the two years are reported in the left part of the table. The cumulative shares in the total world trade of the product grouping concerned are in the rightmost column. First and foremost, China achieves outstanding performance in exports of both machinery parts and components and final products. For machinery parts and components, China was ranked fourth, following the United States of America (USA, hereafter the US), Germany, and Japan, in 2007, but expanded exports by 51%, which is the highest rate of growth among the ten leading exporters, and has come out on top as of 2013. For machinery final products, China was already in the top spot in 2007, and further increased exports by 52% in the period from 2007 to 2013. As of 2013, China leads the value of exports of machinery final products by a large margin, achieving the export value 1.6 times larger than that of the second-ranked Germany.
In contrast to China, Japan has decreased the value of exports of machinery, especially for final products, by -22%, which is the lowest rate of (negative) growth among the ten leading exporters. For machinery parts and components, while Japan slightly decreased exports in the period 2007-1013, Korea increased exports by 38% and, as a result, Korea has got close to the export value of Japan.
In 2013, both for machinery parts and components and for final products, the four largest exporter countries in the world are China, the US, Germany and Japan. About a half of the total world trade in machinery parts and components (47%) and in final products (51%) is accounted for by the four leading exporters. In addition, the ten leading exporters as a whole engage in more than 70% of the world trade in machinery parts and components and in final products.
Number of Export Products and Destinations
Departing from simply looking at the value of trade, we turn our interest to counting the number of products traded and the number of trading partner countries and sorting out the pattern of export product and destination diversification. 6 In addition to merely counting the numbers of exported products and destination market countries, we examine how many potential export flows, i.e., product-destination pairs, a country is actually involved in. To do so, we follow Baldwin and Harrigan (2011) to define a zero at the most disaggregated level, as a country's export flow, which could have occurred but did not. That is, a zero occurs when a country exports a certain product at the HS six-digit level to at least one country but not to all countries in the sample. By so doing, zero export flows consist only of goods actually produced in the exporting country. Furthermore, in identifying a zero export flow, we restrict attention to destination countries to which the exporter country sells at least one product classified under the product grouping concerned. In other words, we exclude exporter-importer country pairs with no trade in the product grouping at all from our analysis. Naturally, on the other hand, actually-occurred export flows are referred to as non-zeros.
In Figure 2 , the light colored bars represent the numbers of non-zero productdestination pairs in country's exports of machinery parts and components and of machinery final products to the world for 2007, and the dark color bars for 2013. The proportions of non-zero to potential product-destination pairs are reported on top of the corresponding bars. The numbers of products exported to at least one country and the numbers of destination market countries with non-zero trade of the product grouping concerned in 2007 and 2013 are shown in the lower part of the figure. The number of products classified under machinery parts and components and final products at the six-digit level of the HS 1996 classification is 445 and 729, respectively. And the maximum possible number of destination countries is 138. As in Table 1 , we focus on the ten leading exporter countries for each product grouping, in terms of the total value of exports in 2013, and the top ten exporters are listed in descending order, from left to right.
For all the ten leading exporter countries, the number of machinery parts and components exported shows a slight decrease from 2007 to 2013. The decrease in the number of machinery final products exported is much larger in magnitude. For machinery parts and components as well as final products, every country's export product mix appears Notes: See notes of Figure 1 . By product grouping, top 10 exporter countries are listed in descending order, from left to right, in terms of the export value in 2013. In order to count the number of products traded and trading partner countries, we employ a cut-off value of $0 to determine whether or not a product is traded between a particular exporter-importer country pair.
to already hit the ceiling. Meanwhile, the number of destination countries in a country's exports of machinery parts and components trends upward for most of the ten countries except France and Malaysia. The similar upward trends in the diversification of destination countries are observed for exports of machinery final products from all the ten countries.
Despite the slight decrease in the number of products exported, the number of non-zero product-destination pairs in country's exports of machinery parts and components has increased, driven by the diversification of destination countries, in the period 2007-2013 for all the countries except Japan. Reflecting the increase in the number of non-zero product-destination pairs, these countries, in contrast to Japan, experienced a rise in the percentage of non-zero product-destination pairs, which indicates that their export product-destination mix has become not only more geographically diverse but also denser. Similarly, the increase in the number of non-zero product-destination pairs and the simultaneous increase in the percentage of non-zero product-destination pairs are observed for exports of machinery final products from most countries, but the exceptions include not only Japan but also Germany and the US. Nevertheless, the most notable is Japan, whose export product-destination mix has become less diverse in the product space and less dense to the greatest extent, both for machinery parts and components and for final products.
China had a predominantly high number of non-zero product-destination pairs, both in exports of machinery parts and components and of final products, as of 2007, and has further increased the number of pairs sharply. In 2013, not only does China lead the value of exports of machinery, but it also leads the number and the percentage of non-zero product-destination pairs. China has developed trade relationships of 43,410 and 62,443 product-destination pairs and is actually involved in 72% and 63% of the potential productdestination pairs for machinery parts and components and for final products, respectively. The numbers of non-zero product-destination pairs in exports of machinery parts and components and of final products from China are 1.4 to 2.3 times higher than the levels of Japan and Korea.
Ins and Outs of Export Product-destination Pairs
Looking into changes in the number of (non-zero) product-destination pairs in country's exports, Figure 3 reveals the ins and outs of product-destination pairs that are going on underneath the surface. A country experiences a change in the number of productdestination pairs, i.e., at an extensive margin, by exporting a new product that has never been exported or by exporting an already exported product to a new destination country which had not previously had the product. 7 The 'ins' of product-destination pairs occur through entries of products to a country's export product mix or through entries of destinations to a country's product-specific destination mix. Similarly, the 'outs' of product-destination pairs occur through exits of products from a country's export product mix or through exits of destinations from a country's product-specific destination mix.
To be more precise, for exporter country m, we define the set of non-zero productdestination pairs in period t = {t 0 , t 1 } as I m t . We define the set of product-destination pairs with non-zero trade, i.e., being active, in both periods as I m = I m t0 I m t1 . We define the set of product-destination pairs that are active not in t 0 but in t 1 as EN m = I m t1 \ I m , which corresponds to either (i) entries of products to country m's export product mix, ENP m , or (ii) entries of destinations to country m's product-specific destination mix, END m . Similarly, we define the set of product-destination pairs that are active in t 0 but not in t 1 as EX m = I m t0 \ I m , which corresponds to either (i) the exits of products from country m's export product mix, EXP m , or (ii) the exits of destinations from country m's product-specific destination mix, EXD m . Note that the number of non-zero product destination pairs in the base year equals the sum of continuing pairs and outs, I m t0 = I m + EXP m + EXD m , while the number for the ending year is the sum of continuing pairs and ins, I m t1 = I m + ENP m + END m .
The stacked bars in Figure 3 show the composition of changes in the number of product-destination pairs in a country's exports of machinery parts and components and of machinery final products to the world between 2007 and 2013, by counting the number of pairs classified under the five different types: continuing, I m ; ins of products, ENP m ; ins of destinations, END m ; outs of products, EXP m ; and outs of destinations, EXD m . As in Figure 2 , the ten leading exporter countries are listed in descending order, from left to right.
For all the ten leading exporter countries, a substantial amount of entries and exits of destinations to and from a country's product-specific destination mix of machinery parts and components and of final products is going on beneath the surface. Meanwhile, no substantial amount of ins and outs of products is observed, reflecting the fact that every country's product mix was already fully diverse in the base year of 2007. For machinery parts and components, the ins and outs of destinations reached the level ranging from 12% (Germany) to 49% (Malaysia) and from 8% (China) to 31% (Malaysia) of the number of continuing pairs, respectively. The corresponding figures for machinery final products are much larger: ins range from 18% (Germany) to 68% (Mexico) and outs are from 13% (China) to 37% (Japan and Korea). These observations suggest that countries have undergone a non-negligible downsizing of the product-specific destination mix for some products while diversifying the destination mix for the other products, during the period of only six years.
In particular, the sharp increase in the number of product-destination pairs in China's exports of machinery parts and components and of final products is driven by a large amount of ins of destinations, accompanied with a relatively small amount of outs of destinations compared to other countries. The noticeable decrease in the number of product-destination pairs in Japan's exports of machinery, on the other hand, is driven by a large amount of outs and a limited amount of ins of destinations.
Intensive and Extensive Margins of Export Growth
To further explore the relative importance of ins and outs of product-destination pairs in country's exports, we decompose the growth in country's total exports into intensive and extensive margins. In line with the methodology proposed by Kehoe and Ruhl (2013) , we classify a good as not traded if its annual value of trade is zero or very little, instead of employing $0 (as we did in Sections 3.3. and 3.4) or other fixed cut-offs. For each exporterimporter country pair, we order goods from the smallest to the largest annual value of trade recorded for the base year, and create the set of least-traded goods (including goods that are not actually traded) so that the set accounts for cumulatively 10% of the total merchandise trade. We define the cut-off value of tradedness to be the annual value of trade of the first good that would not be included in the set of least-traded goods for the base year. The set of least-traded goods in the ending year is made up of all the goods whose annual value of trade is less than the cut-off value defined above. In what follows, least-traded goods are regarded as 'non-traded' and the set of traded goods is simply the complement of the set of least-traded goods.
We then decompose the growth in country m's exports into contributions of the five different types of product-destination pairs discussed in Section 3.4: I m , ENP m , END m , EXP m , and EXD m . Once again, note that we here distinguish between traded and non-traded product-destination pairs, employing the cut-off à la Kehoe and Ruhl (2013) that varies across exporter-importer country pairs, unlike the preceding subsections that deal with non-zero product-destination pairs and zeros by employing a cut-off of $0. The country m's trade growth is decomposed as follows:
where the value of country m's exports for product-destination pair i in period t is denoted by x m i,t . The stacked bars in Figure 4 show the contributions of the five different types of productdestination pairs to the growth in a country's exports of machinery parts and components and of machinery final products to the world between 2007 and 2013. The diamond-shaped dot indicates the growth rate of the country's total export values of the product grouping concerned in the period 2007-2013. As in Figures 2 and 3 , the top ten exporter countries are listed in descending order, from left to right.
Overall, the growth in country's exports of machinery parts and components and of final products is mostly attributed to the intensive margin. Although the growth contribution of the net extensive margin is limited relative to the intensive margin, looking into the contents of the extensive margin reveals non-negligible contributions of ins of new destinations and outs of old destinations to the total growth rate of exports of machinery beneath the surface, although the contributions offset each other. In particular, although the total growth rates are limited or even negative in some cases, the US, Germany, Japan, and Italy experienced a substantial change in the composition of export values of machinery parts Notes: See notes of Figure 1 . By product grouping, top 10 exporter countries are listed in descending order, from left to right, in terms of the export value in 2013. To determine whether or not a product is traded between a particular country pair in the base year of 2007, we employ Kehoe and Ruhl (2013) 's method of calculating cut-off values varying across exporter-importer country pairs. For each country pair, the same cut-off value is used to determine the tradedness in the ending year of 2013. and components through the growth contribution of the turnover of destinations. Similarly, for Germany, the US, and the United Kingdom (UK), the turnover of destinations substantially affects the composition of export values of machinery final products. Notice that the (gross) growth contributions of new and old destinations are not necessarily consistent with the simple counting of ins and outs of destinations relative to the number of continuing product-destination pairs (explored in Section 3.4 and Figure 3) .
A remarkable exception is Korea, for which the (net) extensive margin makes up more than three-quarters of the total export growth rate (10%) in exports of machinery final products. More than half of the (net) extensive margin is accounted for by the product margin rather than by the destination margin. Nevertheless, the (gross) growth contributions of ins and outs of destinations are even more strikingly large, although they offset each other. These observations suggest that Korea has undergone a drastic transformation of the composition of export values of machinery final products through the ins and outs of economically important destinations with which Korea has a non-negligible amount of trade and by starting to export a non-negligible amount of new products.
Trade in Machinery among China, Japan and Korea
Given the data examinations on world trade in machinery, with special interest to China, Japan and Korea, we next explore how trade relationships between these big three exporter countries in the East Asian region have been changing. In Section 4.1, we begin with an overview of intra-East Asian exports of machinery from the big three, showing the importance of intra-East Asian destination markets for the machinery exports from the big three as well as confirming the dominance of the big three over the trade in machinery inside the East Asian region. The following two subsections look into changes in the structure and margins of the growth of bilateral trade within the big three by machinery subsector. Table 2 provides an overview of intra-East Asian exports of machinery from each country of the big three. By product grouping, the values of intra-East Asian exports in 2007 and 2013 and growth rates of export values between the two years are reported in the left part of the table. The proportions of intra-East Asian exports in the country's total exports of the product grouping concerned to the world are reported in the middle part of the table, followed by the cumulative shares in the total intra-East Asian trade of the product grouping concerned. For reference, figures for bilateral trade within the big three are also reported to be compared with the aggregated regional figures. For each product grouping, the big three countries are listed in descending order, in terms of the total value of intra-East Asian exports in 2013.
China, Japan, and Korea's Intra-East Asian Exports of Machinery
First of all, Table 2 confirms the dominance of the big three exporter countries over the trade in machinery inside the East Asian region. The big three exporters as a whole make up more than 71% and 73% of the total intra-East Asian trade in machinery parts and components and in machinery final products in 2013, respectively.
The most notable change in intra-East Asian exports of machinery from the big three is that China and Korea greatly expanded their exports by more than 50% while Japan's exports have remained stagnant in the period from 2007 to 2013. Such contrasting growth Source: UN Comtrade Database (mainly, import statistics reported by selected countries, based on the HS 1996 classification, at the six-digit level), IMF IFS Database (US CPI). Notes: See notes of Figure 1 and Table 1 . East Asia here consists of ASEAN+6. By product grouping, exporter countries are listed in descending order, in terms of the intra-East Asian export value in 2013.
rates between rapidly-growing China and Korea and a stagnant Japan are similar to what we observed for their total exports to the world in Section 3.2 (and Table 1 ). For intra-East Asian trade in machinery parts and components, Japan has been displaced by the rapidlygrowing Korea and China at the top of the exporters. As of 2013, the intra-East Asian exports of machinery parts and components from the big three countries are comparable in value to each other. For machinery final products, on the other hand, China has remained in the first place, leaving the other two far behind. In 2013, intra-East Asian exports of machinery final products from China are twice as large as Japan's exports in value terms. The value of intra-East Asian exports of machinery final products from Korea is still less than a half of Japan's exports, although Korea shows strong growth in the period 2007-2013. Meanwhile, all the big three countries tend to increase the intra-East Asian exports at a more rapid rate than the overall exports to the world, resulting in the growing importance of intra-East Asian destination markets. In particular, the percentage of intra-East Asian trade in the overall exports of machinery parts and components from Korea to the world was 64% in 2007 and further increased to a strikingly high level of 71% in 2013. For machinery final products, Japan is the most highly dependent on intra-East Asian destination markets, and the percentage of intra-East Asian trade was increased from 26% in 2007 to 34% in 2013.
Comparing figures for bilateral trade within the big three to the aggregated regional figures reveals that Korea has expanded exports of machinery parts and components, becoming more and more dependent on China rather than intra-East Asian destination markets in general. The percentage of exports to China in the overall exports of machinery parts and components from Korea to the world was 43% in 2007 and 51% in 2013. That is, more than 70% of Korea's intra-East Asian exports of machinery parts and components are shipped to China in 2013. In contrast, despite the high growth in the intra-East Asian exports as well as in the overall exports to the world, Korea's exports of machinery parts and components to Japan decreased by 40%. As a result, the percentage of exports to Japan in the overall exports of machinery parts and components from Korea to the world was only 4% in 2013. Similarly, the increasingly high dependence on China as a destination, accompanied by the weakened trade relationship with Korea, is observed for Japan's exports of machinery parts and components and of final products.
Overview by Machinery Subsector
Looking into bilateral trade in machinery subsectors among China, Japan, and Korea, we examine how these big three countries have constructed trade relationships with each other and how the trade patterns among the big three have changed in the period from 2007 to 2013. In the left part of Table 3 , the values of trade in 2007 and 2013 and growth rates of trade values between the two years are reported for respective exporter-importer country pairs within the big three, by machinery subsector and by product grouping. The proportions of the trade between the exporter-importer country pair in the exporter country's total exports of the sector-product grouping concerned to the world are reported in the middle part of the table. The numbers of products traded in 2007 and 2013, the numbers of those traded in both years, i.e., continuing products, the numbers of those traded not in 2007 but in 2013, i.e., ins of products, and the numbers of those traded in 2007 but not in 2013, i.e., outs of products, are in the right part of the table. The number of products classified under each sector-product grouping, i.e., the maximal possible number of products traded, is noted on the top row of the corresponding section of the table. By sector-product grouping, exporter-importer country pairs are listed in descending order, in terms of the value of trade in 2013.
First, electric machinery parts and components make up 40% of the total bilateral trade in machinery within the big three in 2013. The most notable feature of trade in electric machinery parts and components within the big three is an increase of transactions between China and Korea. On the one hand, Korea's exports to China have expanded by 94% while its exports to Japan have decreased by almost half (-46%) in the period 2007-2013. Korea's exports to China have become more than twice as large as Japan's exports to China, which have ceded the top spot to Korea's exports to China as of 2013. On the other hand, China's exports to Korea have increased at a rate (47%) greater than its exports to Japan (22%). As a result, China's exports to Korea outweigh its exports to Japan in 2013.
Similar trends are observed for trade in transport equipment and in precision machinery, both for parts and components and for final products. For those other than trade in precision machinery parts and components, however, Japan's exports to China have also increased steadily and are still more than twice as large as Korea's exports to China in 2013. Second, China's exports to Japan have remained a lead in bilateral trade in electric machinery final products within the big three and further increased by 131% in the period 2007-2013. As of 2013, China's exports of electric machinery final products to Japan are more than quadruple the second-ranked China's exports to Korea in value terms. Korea's exports of electric machinery final products to Japan also showed a strong growth (92%), although the value is still relatively limited in 2013. In addition, China's exports of general machinery final products to Japan have increased steadily in the period 2007-2013 and have come out on top of the bilateral trade within the big three as of 2013.
Third, bilateral trade in general machinery parts and components within the big three show a different picture of Japan's presence as an exporter. In addition to the fact that Japan's exports to China have continued to lead by a substantial margin, Japan's exports of general machinery parts and components to China and to Korea achieved a higher growth than other exporter-importer country pairs in the period 2007-2013. Lastly, the number of products actually traded between the big three countries tends to be saturated relative to the maximal possible number for machinery parts and components than for final products. In particular, the numbers of electric machinery parts and components and of precision machinery parts and components bilaterally traded within the big three appear to already hit the ceiling, showing a slight downward trend in the period 2007-2013. Additionally, an increasing number of products traded is noticeable for exporter-importer country pairs including China in the sample period. Bilateral exports of machinery parts and components to China have a tendency to be diversified in the product space while exports of final products from China tend to experience the export product diversification.
Intensive and Extensive Margins of Trade Growth
We further explore the relative importance of ins and outs of products in bilateral trade among China, Japan, and Korea. In an analogous way to what we did in Section 3.5 (and Figure 4) , we decompose the growth of bilateral trade in machinery, by subsector and by product grouping, into intensive and extensive margins. The stacked bars in Figure 5 show the contributions of continuing products, new products, and old products to the growth in bilateral trade of the sector-product grouping concerned between 2007 and 2013. The diamond indicates the growth rate of the exporter-importer country pair's total trade value of the product grouping concerned in the period 2007-2013. As in Table 3 , for each sectorproduct grouping, exporter-importer country pairs are listed in descending order, from left to right, in terms of the value of trade in 2013. The growth of bilateral trade in machinery parts and components within the big three is mostly attributed to the intensive margin in the period 2007-2013, with an exception of Japan's exports of general machinery parts and components to Korea. The (net) extensive margin accounts for about 90% of the total growth in Japan's exports of general machinery parts and components to Korea, which suggests that Japan steadily increased exports to Korea through the export product diversification, or by starting to export a non-negligible amount of new products. The relative importance of the extensive margin, particularly of the growth contribution of ins of new products, is also observed for China's exports of transport equipment parts and components to Japan and to Korea to some, although relatively limited, extent.
Compared with the trade growth in machinery parts and components, the growth of bilateral trade in final products within the big three shows a tendency to be accounted for by the intensive margin to a lesser extent. In particular, about a half or more of the total trade growth in precision machinery final products is attributed to the (net) extensive margin rather than the intensive margin. The most prominent example is the strikingly high growth (393%) in Korea's exports of precision machinery final products to China, which is attributed largely to ins of new products (287 out of 393 percentage points, or more than 70% of the total growth). The growth in Korea's exports of general machinery final products to China is also driven by the export product diversification to a considerable extent. Another interesting thing to note is that the (gross) growth contributions of ins and outs of products are strikingly large, although they almost totally offset each other, in Korea's exports of transport equipment final products to Japan. Behind the resulting low growth rate of the trade value, Korea appears to have undergone a drastic transformation of the composition of its exports of transport equipment final products to Japan through the ins and outs of economically important products.
Conclusion
This paper employs newly developed analytical method of zero trade flows, least-traded goods, and intensive and extensive margins of trade growth and analyzes the recent changes in machinery production networks extended by China, Japan, and Korea between 2007 and 2013. Our empirical approach is proved to be very effective and articulate in shedding light on the structure and the evolution of production networks. We found drastic changes in East Asian production networks within such a short period. China became a number. 1 player in machinery production networks not only in trade values but also in the diversity and density of export product-destination pairs. Although the outstanding growth of China's machinery exports was mostly attributed to the intensive margin, China actively built more trade relationships of existing products with new destination countries. Korea took advantage of China's dynamism and extended its production networks. Meanwhile, Korea underwent a drastic transformation of the product and destination composition in the exports of machinery final products. Japan remained stagnated and lost its relative importance in the regional as well as global context. This result has profound policy implication. First, the dominant position of China in production networks means that China became increasingly influential to the whole world. Of course, exports and imports by China are not wholly attributed to Chinese firms; the role of multinational enterprises including Japanese and Korean firms is still substantial in China's international trade. But still, the importance of China as a center of production networks is obvious. This implies, for example, that the recent slowdown of the Chinese economy may potentially cause much larger impacts than before on countries that are connected with China by production networks. Another concern is China's passive attitude toward mega-FTAs. Mega-FTAs are now regarded as important policy channels to improve international business environment for production networks through setting up a high standard of trade/investment liberalization and a prototype of new international rules. However, in the negotiation over Regional Comprehensive Economic Partnership (RCEP) or ASEAN + 6 FTA, China, together with India, continuously tries to keep the liberalization level as low as possible. As a result, the modality of negotiation was set in the Economic Ministers Meeting held in August 2015 with the tariff removal ratio of only 80%. It was a bad timing because, just after this, in October 2015, the Trans-Pacific Economic Partnership (TPP) negotiation reached a rough agreement. China is now a responsible player in production networks and thus should engage itself in getting proactively involved with the establishment of a novel international economic order for production networks.
Second, Korea has achieved a lot of progress in the degree of participating in production networks, although it has strengthened the dependency on China in an extreme manner. Korean chaebols extend their production networks in China and other parts of East Asia, while keeping largely closed to Korean connections. This means that Korean firms might be less prone to being influenced by the performance of Chinese firms than Japanese firms. However, in the past few years, the Korean economy decelerated its growth seemingly due to the slowdown of China. Production links between Korea and China should be investigated further at the micro level.
Third, the poor performance of Japan in 2007-2013 was due to various negative shocks: the Global Financial Crisis, the East Japan Earthquake, extraordinary yen appreciation, confusing economic policies, and others. Since the end of 2012, ' Abenomics' has been effective for returning to the '2007 normal' but does not seem to push up the potential growth rate of the Japanese economy. Although manufacturing employment is still sustained at least in medium and large-scale firms, the nature of activities left over in Japan must be scrutinized.
